The thermal regime in the moist surficial peat layer of a paisa, measured during a clear and calm July day in arctic Alaska, indicates that coupled heat and water flow retard ablation of the ice core. A simulation model of coupled-flow effects was constructed using rough estimates of meteorological boundary conditions and material properties. The model indicates that ablation is inhibited by advection of cold water above the ice/peat interface, and by internal evaporation near the surface. Evaporation also limits thermal maxima near the surface; because the ratio of the heat of evaporation to the heat of fusion is approximately 7.5, the coupled-flow regime effectively retards ablation of the palsa's ice core.
Introduction
The unusual thermal properties of peat are widely recognized as an important factor controlling the distribution of permafrost [7, 8] . However, little has been done to elucidate the physical processes involved in heat transfer within peat incorporated in or overlying permafrost. In a related paper [3] , we reported on a short-term, high-frequency temperature series obtained from the peat layer overlying a man-induced permafrost feature. Temperature observations were obtained in eight shallow cores on and near a peat-covered palsa at Toolik Lake~ Alaska (68°38'N, 149°37'W) during a 24-hour period of calm and clear weather in late July, 1980 . The data were collected at depths of 0, t, 5, 10 and 20 cm and analyzed using finitedifference methods. Computation of effective thermal diffusivity yielded near-zero and, in some cases, negative values during periods of surface heating. Heat-transfer processes within the peat cover apparently minimize heat flux to the melting ice/peat interface, and therefore retard ablation of the ice core in summer. These observations are supported by repeated measurements of summit elevations on five palsas at the site between July 1980 and August 1983 ; only moderate (1-18 cm) cumulative ablation of the ice cores occurred during this period. In order to gain further insight into processes occurring in the peat mantle, a moist core site (Core 20) near one palsa's summit ( Fig. 1) was selected for simulation of coupled-flow effects. The temperature observations from Core 20 are plotted at hourly intervals (zero hour set at 20:10 Alaska Standard Time on 23 July 1980) in Fig. 2 . The wanning event, which occurred during the latter half of the time series at 0-10 cm, is simultaneous with cooling at a depth of only 20 cm; neither this or the near-zero and negative values of effective diffusivity are typical of a conductive heat-transfer system. Two processes could produce this effect: internal evaporation and cold-water advection. To ascertain the relative magnitudes of these processes, a simulation model was employed, using published data for the thermal properties of the substances of interest.
Simulation
The model employed in the analysis is similar to one used to simulate needle4ce growth and ablation [4] . Sections 2.1 through 2.8 outline the structure and specifications of the model.
Lower Boundary
Eleven calculation nodes, evenly spaced at 5-cm intervals from the surface (0 cm) to the ice-peat contact (50 cm) were used in the calculations. The 
2 Upper Boundary
Linear interpolation was applied to the hourly surface temperatures to create a time series of values at 10-minute intervals; this was used to force the model at the upper boundary. The atmospheric dewpoint was assumed to be 10 °C, and a constant vapor density was calculated using this dewpoint. Changes in the surface water volume fraction were calculated as the sum of the water flux toward the surface from the atmosphere, and from the peat. These calculations utilized the dewpoint level Za (200 cm), estimated wind speed Ua (200 cm/s), estimated roughness length Z0 (2 cm), yon Karman's constant k, the constant vapor density at the dewpoint level V a and the surface vapor density Vs. The calculation of the water flux toward the surface in the peat employed the value of the mean hydraulic conductivity Kw between calculation nodes 1 and 2, water head H and the node spacing dZ. In addition, equation set (1) uses the water volume fraction Xw, model time step dt and water density PwVapor flux from the atmosphere:
Water flux in peat toward surface:
New water volume fraction at surface:
(1.3)
Both Watt and Wsofl are in units of velocity, and are implicitly also expressible in volume per unit area per unit time. Therefore, when summed or integrated over time, the result is a change in the surface water volume fraction.
Thermal Properties
Regression of Kersten 
Thermal diffusivity:
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Water Properties
Sturges [6] observed that a peat with pore volume fraction of 80% lost half of its water volume when subjected to a tension of one atmosphere. The saturated hydraulic conductivity Ko for this material was 2.0-10-7 cm/s, which is exceptionally low compared to the range of 1.4. i 0 -4 to 2.9.10 -4 cm/s commonly used in drainage design [ 1 ] . The value used in the simulation was 1.0.10 -4 cm/s. The method used to calculate the hydraulic properties of the model peat is outlined in equation set (3).
Model desorption curve:
Unsaturated conductivity:
Water capacity:
Water diffusivity:
Using values of 1.0-10 -2 and 7.0.10 -4 for the parameters Ax and Aw, respectively, yields an unsaturated hydraulic conductivity curve that decreases four orders of magnitude between saturation and a tension of one atmosphere; the desorption curve is similar to that measured by Sturges [6] for a similar material. The model soil is only a crude estimate of the field situation, because the porosity of organic materials is extremely variable over both space and time.
5 Diffusion and Advection
The equations abstracting the coupled heat and water system are given in equation set (4).
Temperature diffusion + water thermal advection:

8T/~t = (1/CT) ([i} (KT(OT/3Z))/aZ] + [UwCvw(ST/aZ)] } (4.1)
Water head diffusion:
Water velocity:
Uw = Kw (aH/OZ). (4.3)
Here, T, H, Z, K, C, and U refer to temperature, head, depth, conductivity, capacity and velocity, respectively, and the subscripts T and W refer to the thermal and water systems. Cvw represents the volumetric heat capacity of water. The diffusion portions of these equations are solved using a fully implicit finite-difference scheme in which a tridiagonal matrix of new temperature and water head values is solved. The effects of water advection are then added by finite-difference approximation at each time step.
6 Vapor Transport Effects
A vapor diffusivity of 0.274 cm 2/s was employed in the simulation. After a cycle of vapor diffusion using the methods employed in the thermal and water systems, the node vapor-density changes resulting from transport and new thermal-water equilibrium conditions [5 ] are summed. The change of the water volume fraction at a node is equivalent to the negative change in vapor density divided by the density of water. This change in the water volume fraction, when multiplied by the latent heat of evaporation and divided by the current volumetric heat capacity, yields the temperature change due to internal evaporation or distillation. This change, when added to the time-step advection effect and the diffusion solutions, is the new node-temperature value.
7 Initial Conditions
Soil temperatures were initialized at each calculation node by linear interpolation between the field-measurement levels. The water system is initialized by specifying the air volume fraction Xa as a function of depth Z and porosity Xp using Xa = 0.5 Xp exp (--3 Z/50).
Because the volume fractions for soil, water and air must sum to unity, the soil volume fraction remains fixed at 1 --Xp, and the water volume fraction is obtained from Xp --Xa. The initial water head H is calculated by
Eq. (6) is also employed to update node values as the water content changes due to evaporation and distillation. The initial water state is one of moderate dryness at the surface, in line with a qualitative field observation.
8 The Model Queue
Each iteration of the model begins by updating the upper boundary values, followed by diffusion of water vapor, water head and temperature. The effects of advection and evaporation-distillation are then added. Water head must be recalculated after the evaporation losses or distillation additions. These effects are not calculated at the surface; they are assumed to be included in the observed surface time series, which is used as an upper boundary condition.
Model Results
The hourly temperature, volume fraction and temperature change due to conduction, advection and latent heat processes were tabulated for hours 1-23 of the simulation. The observed and simulated thermal regimes at 5, 10, and 20 cm are compared in Fig. 3 . Unlike the situation at other depths, the observed temperature depression at the 20-cm level is greater than that of the simulation during the period in which heating occurs at the surface. In the time series obtained from the simulation, the temperature depression also occurs at the 15-cm level (Fig. 4) . Thermal data from the model were used to construct Fig. 5 , in which isotherms are displayed on a time-depth grid. Given the correspondence between the observed and simulated thermal regimes at 5, 10, and 20 cm, this mapping may be a realistic estimate of the thermal field below the measurement levels. The 1 °, 2 ° and 3°C isotherms rise in elevation, illustrating that cooling occurred in the lower two-thirds of the peat cover throughout the observation period. Finally, output from the model was used to construct Fig. 6 , in which temperature change due to conduction, advection and evaporation are plotted as functions depth for the period of 1500-1600 hours in the model. This diagram shows conditions typical of the period in which warming occurs at the surface. Cold-water advection is the dominant process countering conduction; evaporation limits temperature maxima near the surface. 
Conclusion
The thermal regime observed within a peat layer overlying a melting ice core could only be produced by cold-water advection or internal evaporation. The simulation suggests that advection of cold water from the melting ice/ peat interface toward the zone of near-surface evaporation retards con-ductive heat transfer toward the ice core. Evaporation limits the maximum temperature in the upper part of the peat cover. Because the ratio of the heat of evaporation to that of fusion is approximately 7.5 for water, and advective cooling occurs as meltwater moves from the ice/peat interface upward to the surface-evaporation zone, the processes involved in coupled flow are extremely effective for retarding ablation. These processes, active during each large-amplitude heating event in the brief arctic summer, have been an important factor in preserving the palsas as relatively stable geomorphic features for more than three years. 
